The ageing process involves a natural degeneration of physiological function and can imply life constraints, namely during activities of daily life (ADL). Walking can be strongly affected by strength, gait, and balance changes, which affect quality of life. The quality of life of the older adult is associated with available solutions that contribute to an active and safe ageing process. Most of these solutions involve technical aids that should be adapted to older adults' conditions. Aim: To identify the advantages and disadvantages of two-wheeled walkers and of two different self-locking systems designed and developed by the authors. Methods: Two studies were performed based on the possible walker combinations used, using a walker with no wheels (classic fixed walker), a two-wheeled walker with self-locking mechanism made of gears and a spring (Approach 1), and a two-wheeled walker with a self-locking mechanism which uses a single spring (Approach 2). These combinations were tested in two quasi-experimental studies with pre-post test design. Results: No significant differences in duration, gait speed, and Expanded Timed Get Up and Go (ETGUG) were found between the walkers, but there was a marginally significant difference in Physiological Cost Index (PCIs), which means that the energetic cost with Approach 1 was greater than that with Approach 2. Users reported a feeling of insecurity and more weight, although no significant differences were observed and they were found to be equivalent in terms of safety. Study 2 found an improvement in duration and gait speed in the ETGUG between the different types of self-locking systems. Conclusions: The PCI is higher in the two-wheeled walker models and with the self-locking mechanism. Approach 2 did not show better conditions of use than the other two walkers, and participants did not highlight its braking system. Although safety is similar among the three walkers, further studies are needed, and the braking system of the two-wheeled walker needs to be improved (Approach 2).
Introduction
The population over 65 years of age seems to be growing fast all over the world [1] , generating complex chronic situations which need to be solved. The normal ageing process is characterized by progressive body changes, especially at a functional level. In fact, one of the problems that most frequently affects the elderly population is the reduction of functional capacity [1] due to important of independent regulation, and/or ergonomic handles. Nevertheless, no equipment has been found that integrates a self-locking wheel-drive system.
Many wheeled walkers have important limitations, such as the need to decrease gait speed when bypassing an obstacle or when there is the need to change direction [12] . The elderly person may not have enough strength or balance to control or stop the walker by him/herself. This is a negative outcome and needs to be improved. In addition to incorporated wheels, other innovations represent a significant progression on the efficacy and safety of current walkers, such as trunk support [13] . For gait rehabilitation [5] , however, static walkers with no locking systems increase the risk of falling and the elderly might feel more insecure.
The use of walkers is a way to achieve independence and quality of life, for which factors like stability and balance are fundamental [14] . Nowadays, we can find robotic walkers (smart walkers), that represent a huge advance in assistive devices. Despite these advances, smart walkers often are developed through expensive and heavy materials [15] . Additionally, the current walkers are either too heavy, resulting in difficult gait and general motion, or are too complex to use, decreasing the chances of achieving optimal independence [14] .
The most used walkers seem to be conventional walkers, which have the important feature of specific ground contact configuration [15] . The classic walker is usually a metal four-legged frame with rubber tips, and many do not present a built-in locking mechanism. There is a need to make the most used walkers more efficient, secure and usable.
The innovation presented here allows the walker to be braked whenever certain pressure is made on a component, avoiding the occurrence of falls due to forward imbalance by blocking the wheels, showing a competitive advantage for the safety of the user as compared to the available equipment on the market. Two different approaches for the self-locking systems were developed. This paper has the purpose of identifying the advantages and disadvantages specified by older adult users that experienced the self-locking systems through the performance of two quasi-experimental studies with a pre-post test design.
Development of Self-Locking Systems
The application of self-locking mechanisms for walkers is an innovative proposal, since this equipment is intended to aid people with mobility limitations due to weakness of lower limbs, which affects walking activities. In relation to current walkers with wheels, which slide as the progression of ambulation occurs due to the presence of front wheels, the innovative solution must guarantee that it is not necessary to raise the structure in order to walk. It also must allow, at any time, the locking of the walker whenever a certain sensation of imbalance is felt by the user. This imbalance is, in general, accompanied by an increase in pressure in the hand support of the walker. The new solutions must allow that patients with changes in the function of upper limbs and, at the same time, with changes in the mobility of lower limbs, are able to use a walker that integrates a self-locking system to help ambulation, strengthening safety measures.
Approach 1-System with Gears and a Spring
This self-locking walker mechanism ( Figure 1 ) consists of two unidirectional wheels (1) mounted on a calibrated steel solid shaft (6) . The axis crosses the walker's front legs (5) perpendicularly and crosses the semicircular holes, which allows for the upward-downward movement of the axis in the legs of the walker (5), as can be observed in Figure 1 . Due to the gear presence, the calibrated steel solid shaft (6) is needed to ensure that both unidirectional wheels (1) have simultaneous rotation to avoid an offsetting in the rotational movement of the two wheels and to allow the rotation motion of the wheels around the axis (the relative motion between the couple wheel/axis). Figure 2 depicts the design details of the self-locking mechanism of Approach 1. The position of the unidirectional wheels (1) is maintained by the washers ((12) and (14)). When a certain pressure is applied to the "handles" of the walker, the resulting strength is transmitted to the helical compression springs (8) , which are inside the legs of the walker (5). The springs (8) make contact with the stopper (9) fixed inside the leg and at the bottom with a lock-guide (7), exerting a force directly on the axis (6) . The axis (6) imparts the force applied to the unidirectional wheels (1) . If the pressure applied is sufficient, the springs (8) are compressed and the front legs (5) descend, until the rubber feet of the walker (11) make contact with the floor, as shown in Figure 3 . This mechanism promotes greater stability to the user, when moving forward. The self-locking walker system further includes a mechanism that allows the wheels (1) to slide smoothly on a level surface by simply adjusting the knurled hand-operated nut (4) . This nut (4) is screwed into a semi-screw (10) , that works as an axis for the bottom gear wheel (3) and which is attached to the front legs (5) of the walker through the holes and the pair of flat washers (13) . The nut (4), when tightened or loosened, causes a variation of the contact friction on the bottom gear wheel (3), which in turn, by means of engagement with the upper gear wheel (2) coupled to the walker's wheel (1) by four screws, varies the ease with which the wheel (1) rotates about its axis. This mechanism eliminates the possibility that the walker may inadvertently roll on a sloping floor or, in other circumstances, where the walker's unwitting movement must be prevented. The usability tests, as described in the following section, allowed the identification of some drawbacks based on the user's feedback. However, from the technical point of view, some disadvantages can already be identified in the developed mechanism, such as the use of several heavy structural elements such as the gears, and if the transverse two-wheeled axis is applied to the rear legs of the walker, the use of walker will be unfeasible because the usability space cannot be accessed by the user. The use of Approach 1 is therefore limited to the front legs and inhibited by the wheels on the back of the walker. Approach 2 presents significant improvements in relation to Approach 1, for example by not incorporating a transverse shaft. and at the bottom with a lock-guide (7), exerting a force directly on the axis (6) . The axis (6) imparts the force applied to the unidirectional wheels (1) . If the pressure applied is sufficient, the springs (8) are compressed and the front legs (5) descend, until the rubber feet of the walker (11) make contact with the floor, as shown in Figure 3 . This mechanism promotes greater stability to the user, when moving forward. The self-locking walker system further includes a mechanism that allows the wheels (1) to slide smoothly on a level surface by simply adjusting the knurled hand-operated nut (4). This nut (4) is screwed into a semi-screw (10) , that works as an axis for the bottom gear wheel (3) and which is attached to the front legs (5) of the walker through the holes and the pair of flat washers (13) . The nut (4), when tightened or loosened, causes a variation of the contact friction on the bottom gear wheel (3), which in turn, by means of engagement with the upper gear wheel (2) coupled to the walker's wheel (1) by four screws, varies the ease with which the wheel (1) rotates about its axis. This mechanism eliminates the possibility that the walker may inadvertently roll on a sloping floor or, in other circumstances, where the walker's unwitting movement must be prevented. The usability tests, as described in the following section, allowed the identification of some drawbacks based on the user's feedback. However, from the technical point of view, some disadvantages can already be identified in the developed mechanism, such as the use of several heavy structural elements such as the gears, and if the transverse two-wheeled axis is applied to the rear legs of the walker, the use of walker will be unfeasible because the usability space cannot be accessed by the user. The use of Approach 1 is therefore limited to the front legs and inhibited by the wheels on the back of the walker. Approach 2 presents significant improvements in relation to Approach 1, for example by not incorporating a transverse shaft. 
Approach 2-System with a Single Spring
The self-locking mechanism, shown in Figures 4, 5, and 6, is based on a system with a single helical compression spring (11) and one unidirectional wheel (4). 
The self-locking mechanism, shown in Figure 4 , Figure 5 , and Figure 6 , is based on a system with a single helical compression spring (11) and one unidirectional wheel (4). This new system can be easily assembled on each of the front legs of the walker. The system features are coupled on a new removable part with a diameter greater than that of the walker leg (8) . The connection between the walker leg and the system is guaranteed through a locking pin at both ends. The unidirectional wheel is attached closer to the extremity of the removable part, through a shaft (5) , and the side sliding is locked with two washers ((6) and (14)). Two sliding blocks, one interior (7) and other exterior (13) , matching the part surface, ensure the correct position of the wheel, allowing the necessary axial sliding of the new feature. The compression spring (11) is blocked in the lower extremity with a stopper fixed inside (12) . This stopper has a through hole with the same diameter of the shaft, which holds it in the proper position. In addition, it increases the contact surface of the shaft, reducing the cutting effect in the holes of the assembled part, where it crosses the shaft. The upper end of the stopper has a circular section with the inner diameter of the helical spring, working as a limiter. In the upper extremity, the compression spring is blocked in a spacer newly fixed with bolts ( (2) and (10)). The spacer consists of two cylindrical wafers: a lower one (3), which makes contact with the end of the spring, and an upper one (1), with a central thread and a feed screw (9) , with the end fixed on the lower wafer. This screw ensures the spacing of the two wafers, allowing the adjustment of the spring stiffness and thus the stiffness of the system. This means that the system can be adjusted to the user, namely to the force required to activate the spring. In fact, when a certain pressure is applied to the "handles" of the walker, the specific force is transmitted to the helical compression spring (11) . If the applied pressure is sufficient, the spring compresses and the wheel assembly (wheel, shaft, and sliding blocks) slides vertically through the two lateral and longitudinal holes of the new system. As the wheel assembly moves vertically, the lower extremity of the system, where a rubber feet is placed (15) , moves down and contacts with the floor, as shown in the Figure 6 . This new system can be easily assembled on each of the front legs of the walker. The system features are coupled on a new removable part with a diameter greater than that of the walker leg (8) . The connection between the walker leg and the system is guaranteed through a locking pin at both ends. The unidirectional wheel is attached closer to the extremity of the removable part, through a shaft (5) , and the side sliding is locked with two washers ((6) and (14)). Two sliding blocks, one interior (7) and other exterior (13) , matching the part surface, ensure the correct position of the wheel, allowing the necessary axial sliding of the new feature. The compression spring (11) is blocked in the lower extremity with a stopper fixed inside (12) . This stopper has a through hole with the same diameter of the shaft, which holds it in the proper position. In addition, it increases the contact surface of the shaft, reducing the cutting effect in the holes of the assembled part, where it crosses the shaft. The upper end of the stopper has a circular section with the inner diameter of the helical spring, working as a limiter. In the upper extremity, the compression spring is blocked in a spacer newly fixed with bolts ( (2) and (10)). The spacer consists of two cylindrical wafers: a lower one (3), which makes contact with the end of the spring, and an upper one (1), with a central thread and a feed screw (9) , with the end fixed on the lower wafer. This screw ensures the spacing of the two wafers, allowing the adjustment of the spring stiffness and thus the stiffness of the system. This means that the system can be adjusted to the user, namely to the force required to activate the spring. In fact, when a certain pressure is applied to the "handles" of the walker, the specific force is transmitted to the helical compression spring (11) . If the applied pressure is sufficient, the spring compresses and the wheel assembly (wheel, shaft, and sliding blocks) slides vertically through the two lateral and longitudinal holes of the new system. As the wheel assembly moves vertically, the lower extremity of the system, where a rubber feet is placed (15) , moves down and contacts with the floor, as shown in the Figure 6 . Just like Approach 1, this self-locking mechanism eliminates the possibility for the walker to inadvertently roll on a sloping floor or, in other circumstances, prevent the walker's unwitting movement. However, the lightness and simplicity of these components makes the assembly lighter, eliminating the disadvantage identified in the first system. Furthermore, since the system can be applied independently on each wheel, it makes it more versatile and easy to carry, and may even be applied to the rear wheels, which was an impossibility on the Approach 1.
Both mechanisms, Approach 1 and Approach 2, allow mobility without having to raise the walker, in order to progress to ambulation. At the same time, they both prevent unwanted movement Just like Approach 1, this self-locking mechanism eliminates the possibility for the walker to inadvertently roll on a sloping floor or, in other circumstances, prevent the walker's unwitting movement. However, the lightness and simplicity of these components makes the assembly lighter, eliminating the disadvantage identified in the first system. Furthermore, since the system can be applied independently on each wheel, it makes it more versatile and easy to carry, and may even be applied to the rear wheels, which was an impossibility on the Approach 1.
Both mechanisms, Approach 1 and Approach 2, allow mobility without having to raise the walker, in order to progress to ambulation. At the same time, they both prevent unwanted movement by automatic blocking of the system when certain pressure occurs. These devices protect the user from any unbalance, contributing to an increase in safety. Additionally, both systems cumulatively present a structure that is perfectly adjustable and adaptable, just like classic walkers, and easy to carry and sanitize. Nevertheless, the prototypes developed need clinical validation from a functional point of view. This topic is covered in Section 3.
Methods
The convenience sample was composed of older adults who used a walker and lived in nursing homes. Variables Expanded Times Up and Go (ETGUG) duration, gait speed, and energetic cost were assessed. From the users' point of view, we established a comparison between the two solutions developed for the self-locking system: (1) Approach 1-using gears and a spring, and (2) Approach 2-using a single spring and the use of no self-locking system. Furthermore, advantages and disadvantages were identified for the solutions developed.
Study 1 Methods to Approach 1-System with Gears and a Spring
To test the walker with this system, a quasi-experimental study was developed (pre-post design, single group), using a non-probabilistic sample obtained by convenience (n = 18) of older users with a fixed walker and which were institutionalized in nursing homes. The data collection tool included: (1) Questions for sociodemographic characterization and clinical evaluation, based on the Satisfaction Assessment Scale in relation to a Technical Assistance (version 2.0), and (2) the ETGUG test, which included the action of walking with the classic fixed walker (FW) and the innovative two-wheeled walker with a self-locking mechanism (Approach 1, KW), for a total distance of 20 meters, in which the test was timed. There were measures for cardiac frequency and blood pressure before the test (at rest) and at the end of it. This data was used to calculate the speed (walking distance in meters × 60/time in seconds) and, subsequently, the Physiological Cost Index (PCI = (maximum heart rate per minute during the walking test-heart rate at rest per minute)/(speed)). The PCI was calculated for each course of the ETGUG test with each walker. All participants had a period of adaptation to the KW before the completion of the ETGUG. The users' opinion regarding the innovative proposal of the two-wheeled walker with a self-locking mechanism (Approach 1, KW), was obtained through an open response questionnaire developed by the authors.
Study 2 Methods to Approach 2-System with a Single Spring
A second study was conducted through a quasi-experimental design (single group; pre-post test design). The convenience sample was composed of 40 older people living in nursing homes who used a walker. Among other variables, the participants had to perform the Expanded Timed Up and Go (ETGUG) test with the three types of walkers (fixed, two-wheeled with braking system (Approach 2), and four-wheeled walkers) to assess gait, speed, and fall risk. Satisfaction was also assessed with the previously mentioned questionnaire. According to Figure 7 , the ETGUG allowed for the evaluation of (1) activity duration, (2) reverse walking speed for a total distance of 20 meters, and (3) energy expenditure using the PCI formula [12] .
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Results

Approach 1-System with Gears and a Spring
The participants' perception regarding satisfaction of use suggests greater satisfaction with the FW in terms of weight (55.6%), comfort (66.6%), and effectiveness (66.6%) compared to the KW. Regarding ease of use, participants expressed more satisfaction with the KW (66.6%), as stability and security were considered more important for them (78.4%). As for personal opinion, respondents mentioned the following disadvantage: the KW was heavier, larger, and more insecure because it had wheels. On the other hand, the reported advantages were that they moved more quickly because they had a wheeled walker, which meant less strength exertion with the arms, and that the locking system was important, since it prevented falling events.
No statistically significant differences were found between duration (mean FW: 177.63; mean KW: 170.78; Z = −0.781; p = 0.435), gait speed (mean FW: 4.51; mean KW: 4.89; Z = −0.871; p = 0.384), and ETGUG for both walkers, but a marginally significant difference was found in PCIs (mean FW: 1.16; mean KW: 1.82; Z = −0.87; p = 0.068). This means that the energetic cost with KW was higher than that with FW.
Approach 2-System with a Single Spring
Preliminary results showed no differences in PCI for the three walkers (X 2 = 2.177; p = 0.337) and in the final heart rate value (X 2 = 0.770; p = 0.680). However, significant differences were found in duration (X 2 = 15.65; p < 0.001) and gait speed (X 2 = 15.80; p < 0.001) in the ETGUG between the three types of walkers. Regarding user satisfaction for the three walkers, significant differences were found in terms of stability and safety (X 2 = 13.02; p < 0.001) and ease of use (X 2 = 6.07; p < 0.005), as summarized in Table 1 . Cost Index (maximum heart rate/minute during the walking test); FHR: frequency of heart rate (beats per minute, bpm); ETGUG: Expanded Timed Up and Go test (defined as the time spent in seconds to move 20 meters); Gait speed: expressed as the walking distance in meters, divided by 60 seconds; "Stability and safety" and "Ease of use" items: expressed as a Likert score from 1 to 5, with 1 being "dissatisfied" and 5 being "fully satisfied". * p < 0.001, ** p < 0.005.
Discussion
Walking is one of the most recommended physical activities due to its simplicity, inexpensiveness, and accession [4] . Nevertheless, the capacity for physical performance, such as balance while walking or standing, decreases with age. Such problem can be solved using a walker-with or without wheels-improving balance and mobility for older persons [12] . Reduced ability to walk promotes the reduction of opportunities for individuals to participate in functional physical activities necessary to perform self-care, instrumental, and labor activities, leading to a greater loss of muscular strength and triggering a vicious circle of inactivity and weakness [2] . In this study, the physiological cost index (PCI) was used. The value of PCI is important, since the prescription of a walking technical aid depends on it. Ideal values can be obtained when the subject walks at a spontaneous comfortable speed [12] .
There are several indications to prescribe a walking technical aid: some are related to the aging process, and others with neurological or osteoarticular pathologies [12] . Regarding the use of walkers, some authors [12] state that not all the users are satisfied with a wheeled walker. Usability and accessibility problems were identified as the main complaints, in agreement with the results of our study. In fact, the study presented here suggests that older people expend more physiological energy in walking using a two-wheeled walker with a self-locking mechanism (Approach 1, KW), than with classical fixed walker (FW), which is not in line with the results found by [12] , who found higher PCIs with the fixed walker. The results of other studies and the consulted literature [15] [16] [17] confirm greater speed with the four-wheeled walker, which is thus a device of greater ease of use in relation to the two-wheeled walker (Approach 2). On the other hand, the two-wheeled walker (Approach 2) should allow a faster ETGUG than the fixed walker [18] . Stability and security should be valued with fixed walker, which is greater than that with a two-wheeled walker (Approach 2), since the braking system was not appreciated by participants. Additionally, some authors [12] indicate that one of the advantages of the fixed walker is its stability, though it requires adequate muscle and joint function in the upper limbs and preserved coordination and balance, which can be a problem since optimal limb function is normally absent. For this reason, a wheeled walker can be an adequate therapeutic solution, decreasing the possible load on the person that has to ambulate and progress without major issues. One study [15] noted a considerable number of issues regarding wheeled walkers triggering fall incidents. Based on their findings, the vast majority of older adults responded that it is challenging to maintain balance and open a door which is in the opposite direction of their walker [19] [20] [21] [22] .
This study reports that participants seem to be satisfied with FW in terms of weight, comfort, and effectiveness. They mentioned, as disadvantages, that KW was heavier, larger, and more unsafe for having wheels; however, they reported that the wheel-locking system was important for fall prevention. Therefore, KW needs improvement, namely in weight, dimension, comfort, effectiveness, and, possibly, its wheel-locking system. In summary, the two-wheeled walker (Approach 2) did not show better conditions of use in comparison to the other two walkers studied, but the wheel-locking system was highlighted by the participants. There is a need for further studies and the improvement of the wheel-locking system of the two-wheeled walker (Approach 2).
Conclusions
Currently, a variety of technical aids that support walking, such as walkers, are commercially available. There are fixed or articulated walkers with strategically placed fittings, with different structures and materials (such as aluminum or light steel), and with different slopes and forms of ground support, namely through two or four non-slip wheels.
The equipment has a diverse range of characteristics, including different removable accessories like lights next to the handles, baskets for the transport of personal objects, or even cushioned seats. Some also feature various adjustable and customizable parts allowing for height adjustment, including handles of independent regulation and/or ergonomic handles.
Devices like walkers are intended to adapt to the needs of the population, optimizing use through less expenditure of energy with greater (positive) outcomes. The integration of a self-locking wheel-drive system is particularly important for preventing falls, which are a major issue in vulnerable populations like the elderly. In this paper, two different approaches to self-locking wheel-drive systems were presented, and the advantages and disadvantages were demonstrated for each. Both approaches allow walker immobilization after a certain pressure is exerted on the handle, avoiding falls due to forward imbalance. This represents a competitive advantage for the safety of the user with respect to the equipment that is currently on the market.
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